INTRODUCTION
Flow visualization is a tool in experimental fluid mechanics that renders certain properties of flow field directly accessible to visual perception. It has always been believed that observation of a process pattern facilitates the development of an understanding and the subsequent analysis of such a phenomenon.
In general and under normal circumstances, most fluids, gaseous or liquid, are transparent media, and their motion must remain invisible to the human eye during direct observation, unless a technical allowing visualization of the flow is applied.
A great variety of methods has been reported that allow the fluid flow to be visible, in the fluid mechanical laboratory, in industrial environments and for field experiments.
Local marking techniques, such as injection of dye or smoke at a particular location in the flow have been used to generate streaklines or timelines, i.e. lines made up of particles generated at the same instant [1] . Tracer material realized into the flow only for a short instant of time might be collected into a flow regime where the residence time of the fluid is high, while the rest of the material is carried away with the main flow.
In this way, flow structures such as vortices and regimes of separated flow became visible. However, interpreting the flow visualization in unsteady flow has remained confusing. A cornerstone of all interpretations of flow visualization is the degree of concentration of vorticity in the unsteady shear flow.
In this paper, the flow visualization of mixing layer based on an exact solution of the Euler equations found by Stuart [2] , is simulated numerically by tracking fluid markers. The effects of circulation and concentration of vorticity are discussed. 
PERTURBATION AS AN IMPACT PROBLEM
The perturbation caused by the motion of the solid bodies into a flow is firstly an impact problem related to its start up which generally is drastically simplified by idealization. The most important idealizing assumption is that of a sudden jump in the velocity distribution and, thus of the momentum in the limit of vanishing contacting time.
However, the impact is a process of momentum exchange between two colliding bodies that one is the moving fluid, within a short time of contact. With respect to a moving fluid impacted by a solid surface or a mixing layer, loading such a process acts with high intensity during this short period of time.
As a result, the initial uniform velocity distribution is rapidly changed and the vorticity and a torsion pressure waves generate due to the intrinsic torsion property of the motion of 
The maximum torsion pressure found by Stuart [1] through hydrodynamic stability reasons is the source of the vorticity waves that are emitted and propagated with finite speed through fluid.
Therefore, the boundary vorticity dynamics concerns a two-step process: the vorticity creation from an impacted boundary followed by vorticity waves that propagate at different speeds depending on their concentration.
Due to the dual property of fluids circulation,    , and, the torsion,
besides the circulation parameter (strength of vorticity source) a second parameter is required, i.e. the concentration of vorticity, describing its spread, directly related to the wave length.
The degree of concentration of the vorticity will be defined in the sequel based on the Stuart's vorticity model.
STUARD'S VORTICITY SOLUTIONS
Any origin of perturbation is the change of pressure or number Reynolds; these induce the changes of vorticity in the flow. Based on the hydrodynamic stability of a laminar shear layer tanh uy  , Stuart found the flow patterns and vorticity distributions for the twodimensional inviscid shear layers containing strong vorticity concentrations without the loss of flow stability.
INCAS BULLETIN, Volume 7, Issue 1/ 2015
The change of the flow pattern with the level of concentration is discussed by reference to the vorticity which is given by Two important parameters are defined to describe the mixing layer: the extreme velocity ratio
, and the vorticity concentration parameter γ, which can take values from 0 to 1.
If the velocity is nondimensionalized by the average velocity The vorticity distribution for R = 1 at time t = 0 is shown in Fig. 2a for several values of vorticity concentration parameter γ.
For all vorticity contours, the outermost contour has the same value ). The circulation of each vortical structure is 4 R    with Γ = 4π for R = 1 (Fig. 2a) . From the vorticity distribution, time-averaged values at any point can be calculated. If we form the ratio of maximum total vorticity to maximum mean vorticity (at y = 0, x -t = π), we obtain
Equation (5) is a one-to-one relationship between this ratio and the vorticity concentration parameter γ, which can be used to estimate the vorticity concentration from the [3] , [4] , [5] . Furthermore, it is straightforward to visualize the flow using the tracking particles of the flow field via its material derivative to obtain the streakline patterns, Fig. 2b .
As expected, the rate of roll up of the particles increases with increasing concentration, and the cross-stream extent of the rolled-up particles approaches the same value for all cases, showing no dependency on circulation.
CONCLUSIONS
Based on Stuart's vorticity solutions for Gauss function like perturbations of the two dimensional vorticity equation a class of flows involving small and large periodic perturbations from a skewed shear layers has been simulated. These are time dependent solutions representing waves travelling in the longitudinal direction of the flow.
Two important parameters describing the mixing layer: the circulation parameter and the vorticiy concentration parameter are discussed via a tracking particles method used to visualize the flow field patterns.
The rate of roll up of the particles (shape of vorticity wave) increases with increasing concentration and the cross-stream extent of the rolled-up particles approaches the same values for all cases showing weak dependency on circulation parameter and strong dependence on concentration parameter.
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